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Tuning and Testing 
How the American Automobile Engine Is Limbered Up and Tested for Flaws 
By George Gaulois 
l'HE best grade of American manufactures of all 
kinds are today meeting severe tests with complete 
success. The higher quality of American watches excel 
the Swiss product at Me-third the price. American 
machine tools lead, not only because of their ingenuity 
and cheapness, but becamle of their excellence. And 
American automobile engines, in spite of the glamor 
which with some people still hangs about the word 
"imported," are equally superior in spite of the far 
larger numbers produced and the far lower price. 
In this story we are dealing with American automo­
bile engines produced by the quantity production system. 
Aside from the test which comes frQm actual experi­
ence, the best data can be obtained on the performance 
of any engine by an inspection conducted on the dynam­
ometer. This method of testing is used to a greater 
or less extent in all the high grade automobile estab­
lishments in America. Its operation gives vivid exam­
ple of the reasons for the superiority of the American 
engines. 
In one leading plant, for instance, every engine 
turned out must pass the dynamometer tests. In spite 
of the most careful work in the manufacture of parts 
and most careful assembly, an engine, whether made 
by European or American processes, is so "stifl''' that 
it is practically useless when completed. At that stage 
it is barely able to run itself and far less to propel a 
vehicle. The engine testing combines the functions 
of taking the stiffness out of an engine and that of re­
serving its quality to the most minute detail. 
When the engine first comes from the assembly, it is 
put upon what is known as a "lapping-in staud," where 
it is driven by an electric motor until the internal re­
sistance is reduced to a little above four horse-power. 
With the cheaper grades of engines, this "lapping-in" 
with a general inspection of the engine is all that is 
required and it then goes into the car. With the higher 
grade engine, the tests have merely begun at this point. 
When a motor is taken from the "lapping-in stand" 
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The Finger Nail Phonograph 
To the Editor of the SCIENTIFIC AMERICAN: 
The following odd discovery in connection with pho­
nographs may be of interest, and if published, may 
lead someone along new paths of inquiry: 
If the nail on the forefinger of the right hand be 
slightly sharpened and filed, so that it will fit into 
the groove of a record while in motion, a faint reproduc­
tion of the record may be obtained. The sound is 
very minute, and the best method of hearing it is to lay 
the right ear against the hand. In this way the record 
can be clearly heard and the words of a song can be 
easily distinguished. 
It would be interesting' to know the reason for this 
peculiar phenomenon, and perhaps some anatomist or 
scientist may be able to supply a solution. 
If a needle be held betwe�n two fi,ngers no sound is 
heard. 
Ottawa, Onto R. E. SNEYD. 
Movie Science 
To the Editor of the SCIENTIFIC AMERICAN: 
The moving pictures are no whit behind the news­
papers in the matter of highly original cMtributions to 
science. There was recently exhibited in this city a 
picture showing a diving bell, by means of which subma­
rine photographs could be made. After showing the 
bell suspended slightly above the deck of a steamer, 
with the photographer crawling in under it, then being 
lowered into the water, the following illuminating ex­
planation was flashed upon the screen. 
"The diving bell has no 'bottom, the water being pre­
vented from entering by thE' vacuum which is formed." 
Surely that must have been a powerful vacuum! 
Hereafter, in order to prevent burglars fram entering 
my house I shall remove the massive oak door and 
where it has been tested in thirty-six points, it is 
carried to the "silent rooms." These are completely 
enclmled so that no outside uoises will prevent the detec­
tion of the most delicate fault in the engine. In this 
room is the dynamometer, which consists primarily of 
a generator mounted on bearings so that it may turn 
easily but attached to a scale so that it will uot turn 
but the amount of torque will be measured accurately. 
Besides this, there is a tachometer which gives the 
number of revolutions that the engine under test is 
making per minute. 
From these two instruments can be calculated exactly 
how much horse-power is being developed. If, for 
example, the scale shows a tUl'ning impulse of 111.1 
pounds and the tachometer 2,000 revolutions, the 
formulre show that the engine is developing seventy­
four horse-power. 
The other furniture of this room includes the switch­
board, the jack for the motor and the pipe connections 
for oil, gasoline, water, etc. There are special instru­
ments provided, includiug thermometer, compression 
clocks and a stethoscope. 
The engine here is put through a series of 114 
different tests. These cover the operation of the engine 
itself, of all its accessories, of the crankshaft assembly 
and of the transmission. In making them, the engine is 
run under its own power until it is thoroughly warmed 
up and the tests are then made under conditions which 
are almost exactly those of actual work. 
The minor details of the engine are examined first, 
including the spark plugs, the valves and their timing, 
the ignition and feed system, the carburetor adjust­
ment, and a general examination to make sure that 
there are no leaks in any of the water, gas or oil lines 
or in cylinder heads or crankcase. 
The more important and delicate of the tests is 
made with the stethoscope, as shown in our current 
cover illustration. This differs from that used by a 
doctor only in the fact that it has a brass cone instead 
block up the doorway with an empty space. Sir Oliver 
Lodge tells us that the ether which fills all space, 
whether otherwise occupied or not, has a density of a 
thousand tons per cubic millimeter, and a tensile 
strength of 10'>2 tons per square millimeter. That 
ought to stop something. 
Los Angeles, Cal. M. C. MOTT-SMITH. 
The Hudson River Crossing 
To the Editor of the SCIENTIFIC AMERICAN: 
I read with great interest in the latest edition of 
your most useful paper an article on the probable effect 
of CO in the tunnel to be built under the Hudson. 
The true solution is a bridge over that river. While 
the best terminals for that bridge would be the Pali­
sades and the hill at 10th Avenue and 62nd Street, the 
problem of foundations will have to govern the site of 
the bridge. I believe the Pennsylvania Railroad tun­
nels rest on caissons which in turn rest on bed rOCk, 
showing that in some parts of the Hudson caissons can 
be sent down to rock. 
Permission for these foundations and piers must be 
obtained from the War Department and herein lies the 
real difficulty. To persuade that monument of con­
servatism to grant permission for such a great public 
improvement seems hopeless. However the attempt 
should be made. Only by an overwhelming public de­
mand can anything be done. 
On such subjects your journal is the most influential 
paper published and I hope you will make the attempt 
to start public opinion in the right direction. 
New York. F. A. DE PEYSTER 
Postponing Payment 
To the Editor of the SCIENTIFIC AMERICAN: 
Referring to your editorial on "Our Surplus, Our 
Ships and Europe's Need," I would inquire how these 
surplus commodities of a value of two billion four hun­
dred million dollars are eventually to be paid for? This 
is the difficulty, for temporary means to finance the 
transaction are quite simple. The problem is, with ref­
erence to the payments in the future. 
The ten billions which you say we have loaned 
Europe probably refers to the moneys loaned by the 
United States Government to the governments of 
Europe and as this money was spent in winning our 
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of a diaphragm disk. The point of this cone is moved 
over the motor inch by inch, and with it the tel':ter can 
detect and locate noises which are entirely beyond the 
reach of the unaided ear. The use of the stethoscope is 
a comparatively recent development. In the old days, 
the tester hunted for these faint noises with a screw 
driver, holding the bit against the engine and the handle 
to the ear. 
The noises which are detected in this way indicate 
trouble in embryo onl3' There is no possibility that the 
buyer of an engine would detect them if the car were 
sent out without this inspection. But they all denote 
some weakness which might develop after the engine 
,had run some thousands or tens of thousands of miles, 
and the pains taken to find and correct them gives insur­
ance of long life and perfect performance by the engine. 
If this test is made without trouble being detected, 
it has been made doubly certain that the engine is as 
near perfect as possible and far more perfect than nine 
out of ten of the best jobs that can be turned out by 
the hand-fitting process. 
The test of the engine has not been completed, how­
ever. Following the stethoscope examination, the 
"power curve" is taken at 400 revolutions a minute, 
then at 500 and so on at every hundred up to 2,000. The 
engine is then set for 1,000 revolutions and there is 
another stethoscope diagnosis for troubles that may 
possibly have developed through the hard work done. 
Transmission and auxiliaries are then checked for 
noise, lost motion, amount of play and all other possible 
ills. No motor may be passed that suffers from what 
the instruction sheets describe as "vibration, knocks, 
growls, or rumble." 
The engine is then tested for compression. A special 
gage is shoved into priming valves to try the compres­
sion of each cylinder separately. On this engine a dif­
ference of only five pounds in the compression of each 
of the twelve cylinders is permitted. If an engine 
(Continued on page 555) 
war, there is some question as to whether it will ever 
be paid. But in addition, the countries of Europe owe 
to individuals in the United States about five billion 
dollars, and the interest on this debt must be paid, and 
unless the money is permanently invested in Europe, 
the principal must also be returned. If in addition to 
the five billions we add two billion four hundrPfl milliM, 
it will mean that Europe must send to us in interest 
five hundred million dollars or more a year, and as 
there does not seem to be much chance of Europe 
shipping gold in such quantities, we must make still 
further investments in Europe, if we do not accept 
merchandise in payment of the interest. In other 
words, to the extent of this interest, our imports from 
Europe must exceed our exports. If the principal iE 
to be paid and not invested abroad, the value of our 
imports over exports must be even greater. Should 
the interest be invested abroad, we will only postpone 
the day when we will be obliged to accept great quanti­
ties of merchandise as interest on our loans. 
Tenafly, N . . T. EVERARD B. MARSHALL. 
Use of Light for Reproducing Sounds 
To the Editor of the SCH;NTIFIC AMEI!ICAN: 
Referring to a note on page 402 of your issue of 
16th October, I may say that the idea is not ,;new, 
having been worked out in practical form 20 years ago 
and patented by Prof. E rnst Ruhmer (see his book on 
Wireless Telephones) . I myself worked out the full 
details independently of him but went no further to 
popularize the matter when he took out his patents. 
About 5 years ago as his patents were expiring, I tried 
to interest a New York film manufacturer and he 
referred me to a talking machine manufacturer who re­
ferred me back, and as I had other things to do I had 
no time to go further. 
I may add that in my own design I used what 1 
think an improvement, viz., a semicylindrical lens to 
give the line image on the film. I had noted for experi­
ment many points such as the use of heat rays and also 
the use of ultra-violet rays (for example as promotLng 
discharge between terminals) . Possibly, as the matter 
seems again arousing interest some note of a fulleI 
character by you would interest the public. 
Victoria, B. C. D. 
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Making the Barge Canal Pay 
(Continued froln pa,ge 553) 
GQwanus Bay Terminal in BrQQklyn. The 
OswegO' elevatQr will have a capacity Qf 
Qne million bushels Qf grain, while the 
GQwanus Bay structure will hQld twO' 
milliQn bushels. These elevatQrs have 
been planned and their cQnstructiQn will 
be well under way in the near future. 
The State Qf New YQrk has dQne every­
thing it CQuld to' make its waterway a 
success. The Qfficials having to' do with 
canal matters have exerted every effQrt 
to' push the prQject to' cQmpletiQn, and it 
is nQW strictly up to' the peQple to' CQ­
Qperate and by cQiiperatio n  Qbtain all the 
benefits to' be derived frQm the full utili­
zatiQn Qf the canal system that has been 
prQvided. There are fQur definite lines 
Qf wQrk which can be fQllQwed to' make 
New YQrk's waterway a great carrier. 
These are: First, to' urge upon members 
of the Legislature favQrable actiQn Qn ap­
prQpriatiQns fQr the further develQpment 
Qf canal terminals; secQnd, to' assist in the 
QrganizatiQn Qf competent Qperating CQm­
panies and the cQnstructiQn Qf barges; 
third, to' divert freight to' the Barge Canal 
and urge similar actiQn uPQn Qthers; 
fQurth, to' seek cQQperation between ship­
;pers and carriers and the coOrdinatiQn Qf 
fresh and salt water transPQrtatiQn fa­
cilities. 
Tuning and Testing 
(Continued from page 545) 
:passes this test, it is running so smQothly 
that a new dollar Qr a pencil can be bal­
anced Qn tQP Qf the engine and will stand 
wi tlwut falling. 
The defects which are fQund inside the 
engines are usually Qf the kind that can 
be detected only with the stethQscQpe. 
One such is what is knQwn as "pistQn 
slap." This is a nQise SO' small that nO' 
autQmQbile engineer discQvered it until 
other nQises were eliminated by the CQn­
structiQn Qf the smQQth and silent engines 
that are being turned Qut today. It is 
nQtable that the discQvery Qf this nQise 
was' made in American and nQt in EurQ-
pean engines. The reaSQn is that in many 
makes Qf mQtors, including several Qf the 
famous European cars, the pistQns can 
slap persistently and no Qne can discover 
it because Qf other nQises. 
The Dawn of American Com­
mercial Aviation 
(Continued from page .546) 
As to the useful IQad, this is repre­
sented by the fQllQwing ttems: 
pQunds 
Passengers (11) .................. 1,980 
lUail .............................. 500 
Orew (2) ........................ 360 
GasQline (230 U. S. gallQns) ....... 1,437 
Oil (20 U. S. gallQns) ..... ........ 150 
TQtal useful IQad ................ 4,427 
The tQtal weight in flying Qrder is 
therefQre 12,883 PQunds, Qr nearly six and 
a half tons. 
This great weigh t is carried by biplane 
wings Qf an aggregate supporting area Qf 
1,397 square feet. The upper wings have 
a spread Qf 103 feet 9 inches, while the 
IQwer wings are 74 feet 4 inches in span. 
The wing chord measures 8 feet and the 
interplane gap, that is, the perpendi'cular 
distance between the upper and the lower 
wings, 8 feet 10 inches. The Qverall 
length Qf the machine, frQm the stem to' 
the trailing edge Qf the rudder, is 49 feet 
3 inches, and the Qverall height 18 feet 9 
inches. 
The prQpelling apparatus cQnsists of 
twO' naval type Liberty xn engines, 
which have a tQtal cQnsumptiQn Qf 64.2 
gallQns Qf gasoline and 3 gallQns Qf Qil 
per hour fQr an output Qf 700 hQrsec 
power. The engines are mounted with 
their direct drive prQpeller between the 
wings on either side Qf the center line. 
An electric starter fitted in the CQckpit 
enables the pilQt to' get under way with­
out Qutside assistance. The full speed 
these flying boMs develQP is 85 miles per 
hQur, while the landing speed is 50 miles 
per hour. 
Perhaps the most striking feature Qf 
these air -liners is their extremely sturd�' 
cQnstructiQn. The generQus size Qf wing 
spars and interplane struts as well as 
the QbviQUS strength of the dQuble-planked 
hull, built Qf PQrt OrfQrd cedar .. are likely 
to' prQve a revelation to' the layman whO' 
sUU pictures aircraft ,as flimsy cQntrap­
tiQns of sticks and wires. 
The first Qf these Aeromarine liner;;; last 
s'ummer safely carried hundreds of pas­
sengers from New YQrk to' Atlantic City, 
Newport, R. I., Southampton, L. I., and 
Of CQurse, engines which fail to' pass Qther places on the Atlantic coast. These 
this test and are sent back fQr tuning up, perfQrmances -and the splendid war rec­
must CQme again to' the dynamQmeter Qrd Qf these flying bQats are the best prQQf 
rQQms and eventually pass 100 per cent in that the Key West to Havana airway will 
every way. be QPerated with craft which fully de-
Thus, in the finished prQduct, the results serve the cQnfidence Qf the traveling 
of American quantity plus quality wQrk public. 
CQme to a fQcus. The selectiQn Qf metals, That the establishment Qf an airway 
the scientific heat treatment which sur- between Key 'Vest and Havana saves 
passes anything that can be accQmplished the traveler both time and incQnvenience 
by the judgment Qf the mQst skilled will be Qbvious frQm the fQllQwing: 
wQrker, the accurate machine wQrk and Travelers whO' arrive at Key 'Vest at 2 
the inspectiQn which insures unifQrmity P. M. have to wait eight hQurs fQr the 
of prQduct, have all cQntributed to' an boat to Havana and the sea VQyage coo­
unequaled result. An engine is turned sumes the whQle night, the bQat reach­
out that is withQut a peer and yet is ing the Cuban capital Qnly the follQwing 
turned Qut in large quantities and Qf so mQrning. The AerQmarine liners nQW 
unifQrm and perfectly standardized CQn- leave Key West half an hour after the 
structiQn that in case any one Qf its hun- arrival Qf the train and CQver the Qdd 
dreds Qf parts needs replacement, the first hundred miles' distance to' Havana in an 
piece that CQmes frQm the stQck bin will hQur and a quarter. The traveler is 
fit and functiQn perfectly. thus spared the incQnvenience Qf a 
A single example Qf the ultimate test tediQus sQjourn in Key West and the even 
of the results Qbtained, completes prQQf less pleasing prQspects of seasickness be­
of American superiQrity. There is a sin- fore seeing MorrO' Castle, while the actual 
�le cQmpany Qperating a bus line in Cali- saving in time represents virtually a 
fQrnia which is nQW running 52 cars Qf a whQle day. 
nigh grade American make and keeps j:n 'Vhat such a shQrtening Qf the trip be­
reserve Qnly three cars to' replace PQssible tween New YQrk and Havana means to 
break-dQwns and to' permit repairs, serv- the man whO' has to' take the trip Qwing 
ice, and Qverhauling. Each Qf these cars to' urgent business reasons or persQnal 
makes an average run Qf 340 miles a day. affairs is Qbvious. The experience of the 
SQme Qf them have been in service fQr Londan to' Paris airway shows that peQ­
years and at least eight Qf them have pIe in a hurry invariably take the airway 
run up a total mileage Qf about 300,000 in Qrder to' escape the delays attendant 
miles while Qne has passed 350,000 miles. UPQn inadequate rail and boot connections. 
EurQpean prQductiQn has Qffered nQth- But it may be expected that besides t,he 
lng which can in any way cQmpare with man-in-a-hurry there are other travel­
this record Qf American achievement ers whO' will take to the air. The desire 
either in quality Qr quantity manufacture. I (Continued on page 557) 
A 
Modern 
Model 
THIS business-like building was erected by the Modem Foundry Co. for present 
use as a pattern shop and storage building. 
The top floor, with its middle bay extra­
lighted and ventilated by the sawtooth is 
splendidly suited, not only to accurate 
pattern-making but to any sort of fine 
machine work. 
The other floors are almost as well 
equipped, for the upper and lower ven­
tilators, connected by double arms, insure 
balanced in-and-out air movement when­
ever they are opened. 
Such liberal glass and ventilating areas 
are not necessary for pattern storage: 
but in case a manufacturing building is 
later needed at this site, this building will 
be an asset, not a liability. 
And the fact that so far-sighted a concern chose 
Lupton Factory Sash and Pond Cominuous Sash 
for the walls and roof of this model building is not 
without significance. We will send you literature 
" on the technical features of these sash on request. Today -Yes, the Modern Foundry Co. is using the Pond 
1_ S 1_ " _ L 1_ E to Truss design for their new foundry buildings, with inQ' asn 111dKQS tnc.:? actory highly gratifying results in both light and ventilation. 
M'Odern Foundry Co., Cincinnati, 
0, Pattern Shop and Storage Bldg. 
Zettel & Rapp, Archts. Lupton 
Pivoted F ac/ory Sash used in walls; 
Pond Continuous Sash in roof. 
DAVID LUPTON'S SONS COMPANY 
Clearfield and Weikel Streets Philadelphia 
SpecialtM. In daylighling and ventilaling 
equipment for maximum production 
Chicago New York Cleveland Boston 
Pittsburgh Detroit Buffalo Atlanta 
CanaJian Manu!Gclurtr.: 
T!.e A. B, O,,,.,by Co" Ltrl,. To,onlo 
Lupton Pivoted Fac­r� Sash-Cal, 10-
Lupton Counterbal­
anced Sash - Col. 
10-LCB 
Lupton Steel PartI­
tion. and Doons­
CoI,IO·LS? 
Lupton Rolled Sled 
Skylight- Cal. 10· 
Mil(. 
Pond Con t inuou. 
Sash. lor Pond 
Truss roofs moni­
tors, saw-tooth_, 
and side wall.­
Cal.IO-PCS 
Pond Operating De­
",,'ice. for long linm 
of sash - Col. lO­
PeS 
Catalogue of Scientific and Technical Books 
Lillting 2500 titlell and on 500 lIubjectll 
SELECTED frQm mQre than 7,000 BQQks still in print. This catalogue is the latest and best list Qf technical and scientific literature which can be se­
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